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A COMPLEX ADDITIVE FOR ACID ELECTROLYTES FOR THE PRODUCTION OF 
COMPOSITE COATD>JGS BASED ON NICKEL AND A NICKEL-COBALT ALLOY 

[Komplbksnaya dobavka v kislye elektrolity dyla poluchenia kompozitsionnykh pokrytii na 

osnove nikelya i splava nikel'-kobal't] 



Inventors: D.-B. K. Ramanauskene, et al. 

Applicant: Institute of Chemistry and Chemical 

. ' Technology, Academy of Sciences 

of the Lithuanian SSR 

Rbferences: 1 . USSR Inventor's Certificate 

478873, CI. C 25 D 3/18, 1972. 
2. FRG Patent No. 3313871, 
CI. C 25 D 15/00, 1984 

i 

' The invention relates to electroplating, specifically to the deposition of composite 
electrochemical coatings, and can be used in the automobile, tool, machine construction and 
other branches of industry where hard and wear-resistant protective/decorative coatings are 
required. 

The goal of the invention is an improvement of the hardness of the composite coatings.. 



2 



The coating is obtained in electrolytes that contain a complex additive in the form of 
methyl cellulose and betaine 2-(4-pyridyl)ethanesulfonic acid . The composite electrochemical 
coating (CEC) is produced at a current density of 5-8 A/dm^ and a temperature of 45-50. 

The combined use of betaine 2-(4-pyridyl)ethanesulfonic acid and methylcellulose 
contributes to better quality of CECs with high microhardness (700-850 kg/mm^) and high 
content of non-metallic micropowders (6-20 vol%), including limiting concentrations of the 
additives. The additive produces a dual effect: not only is the microhardness of the CEC 
increased and the coprecipitation of powders with the metal promoted, but the production of high 
quality thick coatings' is furthered. It modifies the surface properties of the powder and affects 
the granularity of the structure of the metal and therefore hard coating with powder 
concentration are obtained. The additive even increases the powder to sedimentation in the 
electrolyte. 

Example 1 

20.92 g 2-(4-pyridyl)ethanesulfomc acid and 4-g sodium hydroxide are dissolved in 
100 mL water, 8.04 g ethylene chlorohydrin is added, and the mixture is boiled with reflux for 
16 h. Thefn the solution is concentrated in a vacuum, the dry residue is dissolved in 100 mL cold 
concentrated HCl. The undissolved sodium chloride is filtered out through a glass filter, and the 
filtrate is vacuum concentrated. The residue is recrystallized fi-om a mixture of ethanol and water 
(3:1). The result is 18.77 g of product, yield 81.2%, m.p. -^218°C (dec). 
^ Calculated, %: C 46.74; h 5.66; S 13.89. 

C9H13NO4S. 

Found, %: C 46.89; 46.74; h 5.66; 4.83; S 13.89; 13.66. 
Example 2 

12.13 g product, yield 92.9%, is obtained analogously fi-om 10.46 g 2-(4- 
pyridyl)ethanesulfonic acid, 2 g sodium hydroxide in 50 mL water with 5.52 g glycerol 
a-monochlorohydrin, and is recrystallized fi-om a mixture of methanol and water (2: 1); m.p. 
^239°C (dec). 

Calculated, %: C 45.96; h 5.78; S 12.27. 

CioHisNOsS. 

Found, wt%: C 45.63; 45.60; h 5.88; 5.71: S 13.02; 11.69. 
I 

Example 3 

3.i6 g acryhc acid and 0.1 mL triethanolamine are added to a solution of 9.36 g 2-(4- 
pyridyl)ethanesulfonic acid in 50 mL water. The resulting reaction mixture is boiled for 16 h, 



then vacuum evaporated- The residue is recrystallized from methyl alcohol. The result is 9.9 g 
product, yield 76.4%, m.p. '-254°C (dec). 

Calculated, %: C 46.32; h 5.05; S 12.36. 

C10H13NO5S 

Found, %: C 46.03; 46.37; h 5.12; 5.03; S 12.03; 12.45. 
Example 4 ' 

1^.46 g 2-(4-pyridyl)ethanesulfonic acid sodium salt is dissolved in 50 mL water, a few 
drops of an alcohol solution of phenolphthalein and 4.63 g epichlorohydrin are added. The 
mixture is vigorously stirred at room temperature and upon the appearance of a red- violet color 
dilute (-'2N) hydrochloric acid is gradually added. The acid is added at a rate so that the reaction 
mixture does not become intensive colored. When the reaction slows, the temperature is raised to 
40-50°C. After the end of the reaction 7.46 g triethanolamine is added and the mixture is boiled 
at reflux for 16 h. Then the water is evaporated until the solution is dry, using a rotary 
evaporator, and the residue is extracted with boiUng ethyl alcohol (3x200 mL). The crystals that 
form upon cooling are filtered out and dried in a vacuum dryer. The result is 15.75 g, yield 
73.4%, and is recrystallized from ethyl alcohol. 

Calculated, %: N 6.53. 
' C16H29CIN2O7S. 

Found, %:N 6.92, 7.10. 

I. 

The structure of the synthesized compoimds was confirmed by means of the IR and UV 
spectra. Methyl cellulose is industrially manufactured. The additive is introduced into the 
electrolyte in the follow way. 

First, a sulfiiric or sulfamic acid electrolyte for a nickel plating or an electrolyte for 
deposition bf an Ni-Co alloy of known composition (examples are given in the table) is prepared. 
It is purified with activated carbon and selective purification. In separate container the required 
amount of the micropowder is weighted out and mixed with a small quantity of the purified 
electrolyte. The required amount of a solution of methyl cellulose and betaine 2-(4- 
pyridyl)ethanesulfonic acid is added to the resulting porridge-like mass, thoroughly mixed, and 
after a 20 minute wait the resulting mixture is transferred to a bath containing the necessary 
amount of electrolyte. The electrolyte and suspension are mixed with compressed air. 

Industrial micropowders used are: green silicon carbide ("KZ") with dispersity M5 (basic 
fraction t-5 |im), white electrocorundum "EB" M3 (basic fraction 1-3 fxm), electrocorundum 
MIO, boron nitride p (Elbor) M3. The particle sizes of the micropowder that is used should not 
exceed 20 jmi, and its concentration in the electrolyte can be 50-300 g/L. 

Specific examples illustrating the use of the additive are given in the table. 



As can be seen from the table, the additive has the possibility of producing CECs with 
various nonmetallic micropowders: carbides, oxides, nitrides and boron. The additive can be 
used to produce self-lubricating composite coatings. For example, high quality coatings 12 vol% 
inclusions are obtained with a graphite micropowder. 

Analysis of the examples shows that the concentration of betaine to 2-(4- 
pyridyl)ethanesulfonic acid can be increased up to 1.5 g/L (Example 12) without sacrifice in the 
quality of the resulting CEC. The coatings that are obtained have a high percentage of inclusions 
and high microhardness (20.8 vol% and 890 kg/cm^, respectively). However, an increase of the 
concentration of the additive above the said limit can lead to cracking of the CEC. The maximum 
methyl cellulose concentration is Hmited by the fact that high quantities of it have an adverse 
effect on the coprecipitation of the powder (Example 11), although a very stable suspension is 
formed. *■ 

If betaine 2-(4-pyridyl)ethanesulfonic acid is added in an amount less than 0.25 g/L the 
resulting CECs have a microhardness that is not very high. Thus, to obtain hard CECs the 
concentration of the additive must be maintained in the range of 0.3-1.2 g/L. The broad interval 
of working concentrations for the additive is an important property of the electrolyte when 
producing thick coatings, 
i. 

Claim 

A complex additive for acid electrolytes for the production of composite coatings based 
on nickel and a nickel-cobalt alloy, which contains a nitrogen-containing heterocyclic 
compound, which is distinguished by the fact that, with the goal of increasing the hardness of the 
coatings, it additionally contains methyl cellulose and it contains as the nitrogen-containing 
heterocyqlic compound betaine 2-(4-pyridyl)ethanesulfonic acid of the general formula 

R2RiCH-CH2-K'C5H4-CH2-CH2S03 
where R\ is h or OH; 
R2 is OH1-CH2OH, 
-COOH,-CH2N^(CH3CH203)3Cl, 
in the following ratio of components, g/L: 

IV^ethyl cellulose 0.15-2.0 

Betaine 2-(4-pyridyl)ethanesulfonic acid 0.3-1.5 
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Key: 1 Composition of electrolyte, g/L 

Precipitation conditions and properties of CEC 

2 Example 

3 (Base) 

, 4 (Knov^) 
' 5 ^ Nickel sulfate (hydrate) 
Nickel sulfamate 
i. Nickel chlorite (hydrate) 
Cobalt (hydrate) 
Sulfuric acid 
Silicon carbide KZ, M5 



Electrocorundum EB, MIO 
Electroconmdum EB, M3 
Boron nitride (14 ^im) 
ElborM3 
Amorphous boron 
Methyl violet 

Betaine 2-(4-pyridyl)ethanesulfonic acid 

Methyl cellulose 

Cathode current density, A,dm^ 

pH of electrolyte 

Electrolyte temperature, °C 

Thickness of coating, |im 

Concentration of micropowder inclusions, vol% 

Microhardness, kg/mm^ 

Stability of suspension (3 cm sedimentation time), min 
Internal stresses, kg/cm^ 
Plasticity, % 

Note: Current efficiency in all cases 94-98%; sedimentation rate 3 A/dm^ on 
order of 1 ^m/min; throwing power determined by the Haring-Blxmi method 
24-26^; coating can be applied in a thickness of 1000 ^im and greater. 



